The induction of long-term potentiation (LTP) leads to an increase in the density of AMPA receptors at dendritic spines. New work by Wang et al. (2008) reveals the mechanism by which myosin Vb regulates the intracellular trafficking of AMPA receptors from recycling endosomes to synaptic sites during LTP.
The information storage that forms the basis of learning and memory involves localized changes in synaptic strength. The process by which synapses remodel as we learn is termed synaptic plasticity (Engert and Bonhoeffer, 1999) . Patterns of neuronal activity induce synaptic changes such as long-term potentiation (LTP), a long-lasting and activity-dependent increase in synaptic efficacy, or long-term depression (LTD), a long-lasting and activity-dependent decrease in synapse efficacy. The proper balance between LTP and LTD may be used to retain new information in activated neuronal networks. At the cellular level, it has become clear that synapses are dynamic structures that can remodel very rapidly. LTP induction increases the density of synaptic AMPA receptors and also induces the remodeling of the dendritic spine (Derkach et al., 2007) . New progress from Wang et al. (2008) reported in this issue of Cell reveals a molecular mechanism that orchestrates receptor trafficking at glutamatergic synapses during LTP. They provide evidence that the motor protein myosin Vb responds to a localized influx of Ca 2+ ions and directs trafficking of AMPA receptors. The insights gained from this work, as well as recent progress from Correia et al. (2008) , represent an important step in our understanding of the regulation of synaptic plasticity and thus of the molecular mechanisms underlying memory and learning.
It has long been hypothesized that changes in dendritic spine morphology may be critical to learning and memory. These changes in dendritic spine shape are thought to be mediated by the actin cytoskeleton; spines are rich in actin and tend to exclude microtubules (Newpher and Ehlers, 2008) . Within the spine, filamentous actin associates with the postsynaptic density at a site where glutamate receptors and various scaffolding proteins are enriched. Synaptic activity regulates actin dynamics, which in turn provide a mechanism to regulate localized trafficking within the spine.
The NMDA and AMPA glutamate receptors are multisubunit complexes responsible for most synaptic transmission. Trafficking of these receptors and their subunits within the synaptic compartment regulates synaptic activity (Newpher and Ehlers, 2008) . For example, synapse modification during LTP depends on an increase in the number of AMPA receptors localized to the spine membrane. One important question is how activation of synaptic receptors triggers the rapid mobilization of AMPA receptors to the plasma membrane at dendritic spines, a process termed spine mobilization. During LTP, postsynaptic activation of NMDA receptors causes a localized influx of Ca
2+
. This Ca 2+ influx acts as a second messenger, activating several intracellular signaling cascades that induce the recruitment of AMPA receptors from intracellular stores localized in recycling endosomes at the base of the dendritic spine (Ehlers, 2000; Park et al., 2006 from the recycling endosome to the cell surface by the molecular motor myosin Vb (Figure 1 ). Myosins are a superfamily of motor proteins that generate force along actin filaments, and myosin V is specialized for organelle and vesicular transport. The isoform myosin Vb associates with recycling endosomes and participates in AMPA receptor trafficking (Lapierre et al., 2001; Lise et al., 2006) . Myosin Vb is a homodimer: each monomer has an N-terminal motor domain, an extended neck domain that binds to calmodulin, and a tail domain containing a coiledcoil region attached to a C-terminal globular tail domain that associates with cargo. Recent studies have shown that Ca 2+ regulates the structure of myosin V (Krementsov et al., 2004) . At high levels of Ca
, myosin V is unfolded exposing its globular tail domain and allowing for binding of cargo. Previous studies have shown that the interaction of myosin V with cargo may be regulated by Rab family GTPases that, along with their effectors, regulate the specificity of intracellular membrane trafficking. Through an interaction with the GTPase Rab11 and its effector Rab11-family interacting protein 2 (Rab11-FIP2), myosin Vb can bind to recycling endosomes and regulate their trafficking (Lapierre et al., 2001) . Wang et al. (2008) now show that upon neuronal stimulation, the reservoir of recycling endosomes that contain AMPA receptors (localized at the base of the dendritic spine) are actively translocated along actin filaments to the plasma membrane. This trafficking is dependent on Ca 2+ and myosin Vb. Upon NMDA receptor activation, the induction of Ca 2+ flux induces a conformational switch leading to the unfolding of myosin V. This in turn enables its specific interaction with the Rab11-FIP2 adaptor complex on recycling endosomes, allowing for active motility. The importance of this pathway is demonstrated by loss-of-function experiments; specific inhibition of myosin Vb activity is sufficient to inhibit LTP in hippocampal slices. These new observations provide a direct link between the Ca 2+ -dependent regulation of myosin V and the increased trafficking of AMPA receptors to dendritic spines, leading to the increased synaptic efficacy that underlies LTP. Thus, we now have a mechanistic link between neuronal activity, AMPA receptor trafficking along the cytoskeleton, and synapse plasticity at the molecular level. Many questions remain to be answered. Recent work by Correia et al. (2008) found that it is the myosin Va isoform and not myosin Vb that interacts with Rab11 and is responsible for AMPA receptor trafficking during LTP. Do specific motor isoforms regulate the trafficking of different AMPA receptor subunits? If so, which myosin is doing what? What is the mechanism that regulates the localization of AMPA receptors in the recycling endosomes at the base of the spine, and is this trafficking microtubule dependent? How can the activities of different spines be individually controlled yet still function coordinately? Although there is much to learn, it is clear that uncovering the molecular mechanisms of learning and memory remains one of the most challenging and exciting areas of current research.
